cited in the European Search 
Report of EPPq-f i sSfZ^^ 
Your Pie\.: ^p^szzi^ 9 cjr 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (POT) 



(19) World Intellectual Property Organization 
IntemalionaJ Bureau 

(43) International Publication Date 
II April 2002 (11.04.2002) 




PCX 



(10) International Publication Number 

WO 02/28944 Al 



(51) International Patent Classification': C08G 79/00 
C08K 5/098 

(21) International Application Number: PCT/USOl/28412 

(22) International Filing Date: 

11 September 2001 (11.09.2001) 

(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 

09/680,337 



English 
English 



5 October 2000 (05. 10.2000) US 

(71) Applicant: CHEVRON PHILLIPS CHEMICAL 
COMPANY LP [US/US]; 1301 McKinney, 34th Hoor 
Houston, TX 77010 (US). 

(72) Inventors: CHING, Ta, Yen; 10 Santa Yorma, Novato 
CA 94945 (US). CAI, Gangfeng; 335 Glasgow Circle 
Danville, CA 94526 (US). YANG, Hu; 360 Bellflower 
Court, San Ramon, CA 94583 (US). 



(81) Designated States (national): AE, AG, AL, AM AT AU 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH. CR CO CR Cu' 
CZ, DE, DK., DM, DZ, EC, EE, ES, R. GB, GD GE^ Gh' 
GM, HR, HU, ID, IL, IN, IS. JP, KE, KG, KP, KR, KZ Lc' 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, Mw' 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD. SE. SG SI SK 
SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regionalji ARIPO patent (GH GM 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eumsian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, H, FR, GB, GR IE 
IT, LU, MC, NL, FT, SE, TR), OAPI patent (BF, BJ CR 
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, 'sN,'tD,' 
TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 



so„.^P.C., Suite _50, 7676 HUImont, Houston. TX 77040 anceNoies on Codes and Abbreviations'- appedingatlbest 

ning of each regular issue of the PCT Gazette. 



OS (54) Title: NON-EXTOACTABLE POLYMERIC METAL SALT USEFUL IN CATALYZING OXYGEN SCAVENGING 

^ S^wS'^^t" r ^"^^""^^ "^'^ ""yg^" scavenging by oxygen scavenging polymers 

O salts compnse structure (I): wherein R is sel^ C-L cvcloalkvl C r hS!^^u^' 

^ the poiymenc metal salts, and methods of synthesizing the polymeric metal sails. Pa^icaging articles compnsmg 



BNSDCXID: <WO 0228944A1J_>. 



wo 02/28944 PeX/USO 1/284 12 

NON-EXTRACTABLE POLYMERIC METAL SALT USEFUL IN 
CATALYZING OXYGEN SCAVENGING 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present mvention relates generally to the field of compounds useful in cataly2iag 
oxygen scavenging by oxygen scavenging polymers. Particularly, it concerns polymeric metal 
salts, especially polymeric cobalt salts. 

2. Description of Related Art 

It is well known that limiting the exposure of oxygen-sensitive products to oxygen 
m ai ntam s and enhances the quality and shelf-Ufe of the product For instance, by limiting the 
oxygeai ejqposure of oxygen sensitive food products in a packaging system, the quahty of the 
food product is maintained, and food spoilage is avoided. In addition such packaging also 
keeps the product in inventory longer, thereby reducing costs incurred from waste and 
restocking, hi the food packaging mdustry, several means for limiting oxygen exposure have 
already been developed, mcluding modified atmosphere packaging (MAP), vacuum packaging 
and oxygen barrier film packaging. In the first two instances, reduced oxygen environments 
are employed m the packaging, while in the latter instance, oxygen is physically prevented 
from entering the packaging environment. 

Another, more recent, technique for limitrag oxygen exposure involves incorporating 
an oxygen scavenger into the packaging structure. Incorporation of a scavenger ni the package 
can scavenge oxygen present inside the package. The oxygen flius scavenged either can be 
present in the interior when product is filled into the package, or can migrate into the package 
after product is filled. In addition, such incorporation can provide a means of intercepting and 
scavenging oxygen as it passes through the walls of the package (herein referred to as an 
"active oxygen barrier"), thereby maintaining the lowest possible oxygen level throughout the 
package. 

In many cases, however, the onset of oxygen scavenging in this system may not occur 
for days or weeks. The delay before tiie onset of iiseful oxygen scavenging is hereinafter 
referred to as the induction period. In addition, the rate of oxygen scavenging may also be 
relatively low. Much work has been done bolh to minimize the induction period and mcrease 
the scavenging rate. One connnon approach that is usefial in both areas is the use of metal 

1 
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salts with organic counterions, such as cobalt oleate, as catalysts for oxygen scavenging in a 
packaging article. These metal salts can be used in multilayer-film packaging applications, 
wherein the layer containing the metal salts (either an oxygen scavenging layer or a layer 
adjaceat to an oxygen scavenging layer) is not in direct contact with food. 

However, these low molecular weight metal salts with organic counterions, if used in 
single-layer-fihn packaging ^pHcations wherein tiie fihn is in direct contact with food, may 
occasion pose a problem with extractabiUty in some situations. Some organic counterions 
on the U.S. Food and Drug Administratian (FDA) gaierally regarded as safe (GRAS) 
list. Therefore, it is desirable to have metal salts that are substantially nonextractable in 
10 standard tests ofasingle-layer-jfihn packaging appUcation. 

SUMMARY OF THE INVENTIQN 

In one embodiment, the present invention is directed to apolymeric metal salt, 
15 preferably one comprising structure I: 

o o 
II li 

wherein R is selected from C1-C20 alkyl, Cs-Czo cycloalkjd, C2-C40 branched alkyl, C2- 
20 C40 branched alkyl acid or diacid, C2-C12 alkenyl, C5-C12 cycloalkenyl, C2-C40 branched 

alkenyl, or C2-C40 branched alkenyl acid or diacid; and M is selected from manganese, iron, 
cobalt, nickel, copper, rhodium, or ruthenium. 

In a related embodiment, the present invention relates to a composition comprising the 
polymeric metal salt and an oxygen scaveaging polymer. Preferably, the oxygen scavenging _ 
25 polymer comprises an ethylenic backbone and at least one cycKc olefinic pendant group 
compiising structure (ID): 
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15 



20 




m 

wherein X is -(CH.2%-, wherean n is an integra: fiom 0 to 4, inclusive; Y is -(GRR')a-, 
wherein a is 0, 1, or 2; and Z is -(CRR'V, wharein b is 0, 1, or 2, provided that a + b 3; and 
5 qu qa, qs, <l4, r, R, and R' are independently selected from hydrogen; linear, branched, cycHc, 
or polycyclic C1-C20 alkyl; aromatic groups; halogens; amines; or sulfur-containing 
substituents, provided that at least one of qi, q2, qa, or is hydrogen. 

Li another embodiment, the present invention relates to a packaging article compiising 
at least one layer comprising the composition of the present invention. 
10 The present invention provides the advantage of providing a substantially non- 

extractable metal salt for use in catalyzing oxygen scavaiging by an oxygen scavenging layer 
of a packaging article. 



DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

In. one embodiment, the present invention is directed to a polymeric metal salt. By 
"polymeric metal salf is meant a metal salt comprising at least two metal counterions and 
haymg a molecular weight greater than about 500. Any metal salt comprising an organic 
counterion can be used. Preferably, the polymeric metal salt comprises structure I: 



0) 



r O O n 

II II 
fM-O-C-R-e-Oj- 



wherein R is selected from C1-C20 alkyl, C5-C20 cycloalkyl, C2-C40 branched alkyl, Cz- 
C40 branched alkyl acid or diacid, C2-C12 alkenyl, C5-C12 cycloalkenyl, C2-C40 branched 
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alkenyl, or C2-C40 blanched alkenyl acid or diacid; and M is selected from manganese, iron, 
cobalt, nickel, copper, rhodium, or ruthenium. 

The metal component of the metal salt is preferably one capable of catalyzing oxygen 
scav^ging by an oxygen scavenging polymer, as will be described in more detail below. 
Preferably, M is selected from manganese, copper, or cobalt. More preferably, M is cobalt. 

hi reference to the R group of the organic comiterion, "alkyl" is defined as being a 
hydrocarbon chain comprismg carbon-carbon single bonds and no carbon-carbon double 
bonds or triple bonds. "Branched alfcyl" means that the hydrocarbon chain comprises at least 
one carbon which bonds with three other carbon atoms (except when such carbon is a 
component of a cyclic group). A "cycloalkyF is defined as an aJkyl chain comprismg at least 
onering. An alkyl can be both a branched alkyl and a cycloalkyl. "Alkenyl" refers to a 
hydrocaibon chain comprising at least one caibon-caibon double bond. "Branched alkenyl" 
and "cycloalkenyl" are defined analogously to branched alkyl and cycloalkyl, above. A 
'•branched alkyl [or alkenyl] acid [or diacid]" is a branched hydrocarbon cham wherein at least 
one branch (in the case of the acid) or at least two branches (m the case of the diacid) 
terminate with a -COOH moiety. 

The organic comiterion of tlie metal salt can be selected based on the mtended use of 
the metal salt and the structural properties desired for the metal salt or a polymer composition 
blended with the metal salt. For example, if R is an alkyl, a cycloalkyl, a branched alk5d, an 
alkenyl, a cycloalkenyl, or a branched alkenyl, the resulting polymer wiU g^emUy have a 
hnear geometry. If R is a branched alkyl or alkenyl acid or diacid, the resulting polymer can 
sometimes have a three-dimensional geometry. If R is an alkenyl, it will typically be capable 
of consuming oxygen; however, such consmnption may result in disruption of the carbon- 
carbon double bond and degradation of the polymer. If R is a cycloalkenyl, wherein the ring 
comprises a carbon-carbon double bond, consmnption of oxygen will typically not lead to 
degradation of the polymer. 

Preferably, if some concentration of R groups are branched alkyl or alkenyl add or 
diacid, the concentration is relatively low, preferably less than about 10% of all R groups. 
This low concentration is sufficient to make a branched polymeric metal salt, but the 
polymeric metal salt retains enough monoacid character to inhibit excessive aosslinking. 

Preferably, R is selected from C^-C^2 alkyl, C5-Q2 cycloalkyl, C2-C40 branched dkyl, 
or C5-C12 cycloaDcenyi. 

hi addition, the metal salt can further comprise a capping group, wherein the cappmg 
group is at a terminus of the molecule, which capping group can be any monoacid capable of 
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forming a -COOM structure with the metal M. Preferably, the capping group has the structure 

n: 

O 

odrI-C-O- 

5 

wherein is selected from C1-C20 aUcyl, C5-C20 cycloalkyl, C3-C20 branched alkyl, C2- 
C20 alkenyl, C5-C20 cycloalkenyl, or C3-C20 branched alkenyl. 

Because the polymeric metal salt comprises a transition metal, it is capable of 
catalyzing oxygen scavenging by an oxygen scavenging polymer. Therefore, in another 
10 embodimeat, the present invention relates to an oxygen scavenging composition, comprising: 
an oxygen scavenging polymer, and a polymeric metal salt, as described above. 

Any polymer known to react irreversibly with oxygen can be used as the oxygen 
scaveaiging polymer. Preferably, the oxygen scavenging polymer comprises an ethylenic 
backbone and at least one cychc olefinic pendant group comprising the structure (ID): 

15 




. ... wherein X is -(CH2)n-, wherein n is an integer from 0 to 4, inclusive; Y is -(CRR')a-, 
wherein a is 0, 1, or 2; and Z is -(CRR'V, whereinb is 0, 1, or 2, provided that a + b 3; and 
20 qi, q2, qa, q4, r, R, and R' are indepeadaitly selected from hydrogen; linear, branched, cyclic, 
or polycychc C1-G20 siXkyl; aromatic groups; halogens; amines; or sulfur-containing 
substituents, provided that at least one of qi, q2, qs, or q4 is hydrogen. Such an oxygen 
scavenging polymer will lead to a very low level of oxidative degradation byproducts. 

In one preferred embodiment, the oxygen scavenging polymer is poly(ethylene/vinyl 
25 cyclohexene) (EVCH). 



5 
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In an alternative embodiment, the oxygen scavenging polymer can further comprise 
linking groins linking the backbone with the pendant groups, wherein the linking groups are 
selected &om: 



10 



15 



20 



25 



30 



-0-(CHR)„-; -(C=0)-0-(CHR)„-; -NH-(CHR)„-; -0-(C=0)-(CHR)„-; 
-(C=0)-NH-(CHR)„-; or -(C=0)-0-CHOH-CH2-0-; 

wherein R is hydrogen, methyl, ethyl, propyl, or butyl; and n is an integer fiom 1 to 12, 
mclusive. Prefearably, the oxygen scavenging polymer is selected from ethyWmethyl 
acrylate/cyclohexenyl methyl acrylate teipolymer (EMCM), poly(cyclohexene meihyl 
methactylate) (CHMA), or poly(cyclohexene methyl aciylate) (CHAA). 

The polymeric metal salt is as described above. 

Because the composition is useful in oxygen scavenging, compounds commonly used 
with oxygen scavenging polymers can be added to enhance the oxygen scavenging 
functionality of the composition in storage, processing into a layer of apackaging article, or 
use ofthe packaging article. (Hiecomposition, when in the form of a layer of a packaging 
article, may herein be referred to as an "oxygen scavenging layer"). Such enhancements 
include, but are not limited to, limiting tiie rate of oxygen scavenging prior to filling of Ihe 
packaging article with a product, initiating oxygen scavenging at a desired time, or limiting the 
induction period (the period between initiating oxygen scavenging and scavenging of oxygen 
at a desired rate), among others. 

A compound that is often preferably added to the oxygen scavenging composition is a 
photoinitiator, or a blend of different photoinitiators, especially if antioxidants are included to 
prevent premature oxidation of the cycUc olefinic groups ofthe composition. 

Suitable photoinitiators are well known to those skilled in the art. Specific examples 
_include, but are not limited to, benzophenone, o-methoxj^enzo^enOTe^acetophenone, o- 
methoxy-acetophenone, acenaphthenequinone, methyl ethyl ketone, valerophenii^^i 
hexanophenone, a-phenyl-butyrophenone, p-moq>holinopropiophenone, dibenzosuberone, 4- 
moipholinobenzophenone. benzoin, benzoin methjd eliier, 4-o-moipholinodeoxybenzoin, p- 
diacetylbenzene, 4-aminobenzophenone, 4'-methoxyacetophenone, a-tetralone, 9- 
acetylphenantbrene, 2-acetyIpheaan1hrene, lO-thioxantheaone, 3-acetylphenanthrene, 3- 
acetylindole, 9-fluorenone, 1-hidanone, 1,3,5-triacetylbenzene, thioxanthen-9-one, xanthene-9- 
one, 7-H-beaz[de]anthracen-7-one, benzoin tetrahydropyranyl ether, 4,4'-bis(dimethylamino)- 
benzophenone, I'-acetonaphthone, 2'-acetonaphthone, acetonaphthone and 2,3-butanedione, 
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beaiz[a]anthracene -7,12-dione, 2,2-Ktimethoxy-2-phenylacet(^henone, a^a- 
dietboxyacetophenone, and a,a-dibutoxyacetophenone, among others. Singlet oxygen 
generating photosensitizers such as Rose Bengal, metiiylene blue, and tetraphenyl porphine 
may also be employed as photoinitiators. Polymeric initiators include poly(ethyieae carbon 
5 monoxide) and oligo[2-hydroxy-2-metiiyI-l-[4-(l-methylvinyI)pheayl]propanone]. 

Use of a photoinitiator is optional but preferable because it generally provides faster 
and more efiBcient initiation of oxygen scavenging by the cyclic olefinic gf:o^xps of tbe oxygen 
scavaiging polymer. However, due to the cost of photoinitiators, it is desirable to use the 
minimum amount of photoinitiator required to initiate oxygen scavenging. This mini rrmm 
10 amount will vary dependiag on the photoinitiator used, Ihe wavelengfli and intensity of 

ultraviolet light used to initiate, and other factors. Preferably, the photoinitiator is either on the 
U.S. Food and Drag Administration GRAS (generally regarded as safe) Hst, or exhibits 
substantially no migration from the packaging article to the product (i.e. less than 50 ppb m the 
EDI). 

15 Photoinitiators that are especially useful in the present invention include beaizophenone 

draivatives containing at least two benzqphenone moieties, as desaibed in copending U.S. 
patent apphcation 08/857,325, filed May 16, 1997. These compounds act as effective 
photohutiators to initiate oxygen scavenging activity in oxygen scavenging compositions. 
Such benzophenone derivatives have a very low degree of extraction, which may lead to 
20 reduced malodor or off-taste of a packaged food, beverage, or oral pharmaceutical product by 
extracted photoinitiator. 

A "benzophenone moiety" is a substituted or unsubstituted benzophenone group. 
Suitable substituents include alkyl, aryl, alkoxy, phenoxy, and ahcyUc groups contain from 1 
to 24 carbon atoms or halides. 
25 The benzophenone derivatives include dimers, trimers, tetramers, and ohgomers of 

. benzc^hraon^es and substituted bq^;ophenones. . 

The benzophenone photoinitiators are represented by the formula: 

A,(B)b 

30 

wherein A is a bridging group selected from sulfur; oxygen; carbonyl; -SiR' V, wherein 
each R" is individually selected from alkyl groups containing from 1 to 12 carbon atoms, aiyl 
groups containing 6 to 12 carbon atoms, or alkoxy groups containing from 1 to 12 carbon 
atoms; -ISiR'"-, wherein R'" is an alkyl group containing 1 to 12 carbon atoms, an aryl group 

7 



BNSDOCfD:<WO 022e944Al.J > 



10 



15 



20 



25 



30 



WO 02/28944 

PCT/USOl/28412 

containing 6 to 12 carbon atoms, or hydrogei^ or an organic group containing from 1 to 50 
carbon atoms; a is an integer from 0 to 1 1; B is a substituted or unsubstituted benzophenone 
groi^; and b is an integer from 2 to 12. 

Hie bridging group A can be a divalent group, or a polyvalent group with 3 or more 
benzophenone moieties. The organic group, when present, can be linear, branched, cycUc 
(including fosed or separate cyclic groups), or an arylene group (which can be a fused or non- 
&sed polyaiyl group). The organic group can contain one or more heteroatoms, such as 
oxygen, nitrogen, phosphorous, siUcon, or sulfur, or combinations thereof. Oxygen can be 
present as an ether, ketone, ester, or alcohol. 

The substituents of B, herein R", when present, are individually selected from alkyl, 
aiyl, alkoxy, phenoxy, or alicylic groups containing from 1 to 24 carbon atoms, or halides. 
Bach benzophenone moiety can have from 0 to 9 substituents. Substituents can be selected to 
render the photoinitiatOT more compatible with the oxygen scavenging composition. 

Examples of such benzophenone derivatives comprising two or more benzophenone 
moieties include dibenzoyl biphenyl, substituted dibenzoyl biphenyl, benzoylated teiphenyi, 
substituted benzoylated teiphenyi, tribenzoyl triphenylbenzene, substituted tribenzoyi 
triphenylbenzene, benzoylated styrene oligomer (a mixture of conq)ounds containing from 2 to 
12 repeating styrenic groups, comprising dibenzoylated l,l-diphen)d ethane, dibenzoylated 
1,3-diphenyl propane, dibenzoylated 1-phenyI naphthalene, dibenzoylated styrene dimer, 
dibenzoylated styrene trimer, and tribenzoylated styrene trimer), and substituted benzoyMed 
styrene ohgomer. Tribenzoyl triphenylbenzene and substituted tribenzoyl triphenylbenzene 
are especially preferred. 

When aphotoinitiator is used, its primary fimction is to enhance and facilitate the 
initiation of oxygen scavenging by the cycUc olefinic groups of the oxygen scavenging 
polymer upon exposure to radiation. The amount of photoinitiator can vary, hi many 
mstances, the amount wiU depend on the oxygen scavenging polymer used, the wavelength 
and intensity of UV radiation used, the nature and amount of antioxidants used, as weU as the 
type of photoinitiator used. The amount of photoinitiator also depends on the intended use of 
the oxygen scavenging layer. For instance, if the photoinitiator-containing component is 
placed underneath a layer which is somewhat opaque to the radiation usfed, more initiator may 
be needed. For most purposes,-however, the amount of photoinitiator, when used, will be in 
the range of 0.01 to 10% by weight of the total oxygen scavenging composition. 

Antioxidants may be used in the composition to control scavenging initiation by the 
cycHc olefinic groups ofthe oxygen scavenging polymer. An antioxidant as defined herein is 

8 



BNSDOCID: <WO 0228S44A1.L> 



wo 02/28944 PCT/USO 1/284 12 

a material which inhibits oxidative degradation or cross^ioking of polymeors. Typically, 
antioxidants are added to fecilitate the processing of polymeric materials or prolong their 
useful lifetime. In relation to this invention, such additives prolong the induction period for 
oxygen scavenging in the absence of irradiation. When it is desired to commence oxygen 
5 scavenging by the cyclic olefinic groups of the oxygea scavenging polymer in flie packaging 
article, the packaguig article (and any inpoiporated photoirdtiator) can be exposed to radiation. 

Antioxidants such as 2,$-di(t-butyl)-4-methylphenol(BHT), 2,2*-methy^ 
butyl-p-cresol), triphenylphosphite, tris-(nonylphenyl)phospliite, vitamin E, tetra-bismethyleae 
3-(3,5-ditertbutyl-4-hydroxypbenyl)-propionate methane, and dilaurylthiodipropionate are 

10 sxiitable for use with this inventioiL 

The amount of an antioxidant which may be present may also have an effect on the rate 
of oxygen scavenging by the cyclic olefinic groups of the oxygen seavengitig composition. As 
mentioned earlier, antioxidants are usually present in compositions comprising an oxygen 
scavenging polymer or a structural polymer to prevent oxidation or gelation of the polymers. 

15 Typically, they are present in about 0,01 to 1% by weight of the composition. However, 

additional amounts of antioxidant may also be added if it is desired to increase the induction 
period as described above. 

The oxygen scavenging composition can comprise film-fomnng stractural polymers. 
Such polymers are thermoplastic or thCTOiosetting and render the oxygen scavenging layer 

20 more adaptable for use in a packaging article. Suitable structural polymers include, but are not 
limited to, polypropylene (PP), polystyrene (PS), polyethylene (PE), low density polyethylene, 
linear low density polyethylene, ultra-low density polyethylene, high density polyethylene, 
polyethylene terephthalate (PET), polyvinyl chloride, and ethylene copolymers such as 
ethylene-vinyl acetate, ethylene-alkyl (meth)aciylates, ethylene-(meth)acrylic acid and . 

25 efhylene-(meth)acryUc acid ionomers. In rigid articles, such as beverage contaiaei^, PET, PP, 
or PS are often used. Blends of different structural polymers may also be used. However, the 
selection of the stractural polymer largely depends on the article to be manujEactured and tiie 
CT.d use thereof. Such selection factors are well known in the art. For instance, the clarity, 
cleanliness, effectiveness as an oxygen scavenger, barrier properties, mechanical properties, or 

30 texture of the article can be adversely affected by a blend containing a structural polym^ 
which is incompatible with the oxidizable organic compound. 

When one or rnore stractural polymers are used, those polymers can comprise, in total, 
as much as 99% by weight of the oxygen scavenging layer. 



9 
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Also, additives winch can be included in the oxygen barrier layer include, but are not 
necessarily limited to, fillers, pigments, dyestuffe, stabiUzers, processing aids, plasticizers, fire 
retardants, and anti-fog agents, among others. 

Any additives employed normally will not comprise more than 10% of the oxygen 
5 barrier composition by weight, with preferable amounts being less than 5% by weight of the 
composition. 

As stated above, the oxygen scavenging composition of the present invmtion can be 
used as an oxygen scavenging layer of a packaging article. Therefore, in anofha: embodiment, 
the present invention relates to a packaging article, comprising an oxygen scavenging layer, 
10 wherein ttie oxygen scavenging layer comprises an oxygen scavenging polymer and a 
polymeric metal salt, comprising structure I: 



15 



20 



30 



(I) 



O O 
il ii 

0-C-R-C-04 



wherein R is selected from d-Cao alkyl, C5-C20 cycloalkyl, C2-C40 branched alkyl, C2- 
C40 branched alkyl acid or diacid, C2-C12 alkenyl, C5-C12 cycloalkenyl, C2-C40 branched 
alkenyl, or C2-C40 branched alkenyl acid or diacid; and M is selected from manganese, iron, 
cobalt, nickel, copper, rhodium, or ruthenium. 

The oxygen scavenging polymer, the polymeric metal salt, and other compounds that 
optionally can be included in the oxygen scavenging layer, such as a photoinitiator, an 
antioxidant, a structural polymer, or additives, are as described above. 

Packagmg articles typicaUy come in several forms including a single layer fihn, a 
multilayer fihn, a single layer rigid article, or a multilayer rigid article. Typical rigid or 
semirigid-articles include plastic, paper or caidboanlcartons or bottles such.as jnica. 
25 «>ntainet5,sofldrinkcontainers,theimofoimed1rays,orcups,whichhavewaUtW^ 

the range of 100 to 1000 micrometers. Tjpical flexible bags include those used to package 
liiany food items, and win likely have thicknesses of 5 to 250 micrometers. The walls of such 
articles comprise either single or multiple layers of material. 

The oxygen scavenging composition can be in the form of an oxygen scavenging layer 
in a single-layer or multilayer packaging article. The additional layers of a multilayer 
packaging article may further comprise a structural layer or layers, an oxygen barrier layer or 
layers, or a combination fhereo]^ among others. 

10 
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In a structural layer, suitable structural polymers include, but are not limited to, 
polyethjiene, low density polyethylesue, very low density polyethylene, ulte-low density 
polyethylene, hi^ density polyethylene, polypropylene, poly(ethylene terephthalate) (PET), 
poly(ethylene naphthalate) (PEN), ethylene-vinyl acetate, ethylene-alkyl (meth)acrylates, 
5 ethylene-(meth)acrylic acid, or e1iiylene-(metii)acrylic acid ionomers. Paperboard or 

cardboard can also be used as the structural component for carton applications. Preferred 
components of the structural component include PET and paperboard 

The additional layers of a multilayer material may fuifher comprise at least one oxygen 
barrier layer, i.e. a layer having an oxygen transmission rate equal to or less than 50 cubic 
10 centimeters per square meter (cc/in^) per day per atmosphere at room ten5)erature (about 
25''C). Typical oxygen barriers cornprise poly(etJiylene vinyl alcohol), polyacrylonitrile, 
polyvinyl chloride, poly(vinyHdme dichloride), polyethylene terephthalate, siHca, polyamides, 
or mixtures thereof. 

The packaging article comprising the oxygen scavenging composition can be used to 

15 package any product for which it is desirable to inhibit oxygen damage during storage, e.g. 
food, beverage, pharmaceuticals, medical products, corrodible metals, or electronic devices. 

As stated above, the packagmg article comprising the oxygen scavenging layer can 
comprise a smgie layer comprising the oxygen scavenging conqjosition, or an oxygen 
scavenging layer or layers and additional layers. Single layered packaging articles can be 

20 prepared by solvent casting, nijection molding, blow molding, or extrusion. Packagmg articles 
with multiple layers are typically prepared using coextrusion, injection molding, blow 
molding, coating, or lamination. 

Other addition^ layers of the packaging article may include one or more layers which 
are permeable to oxygen (an "oxygen permeable layer") and are located on the interior surface 

25 of the packaging article, i.e. between the packaged product and the oxygen scavenging layer, 
in one packaging article, preferred for flexible packaging of Jood, the layers include, in order 
starting from the outside of the package to the innamost layer of the package, (i) an optional 
oxygen barrier layer, (ii) an oxygen scavenging layer, and (iii) an optional oxygen-permeable 
]a.yer. Control of the oxygen barrier property of (i) allows regulation of the scavCTiging life of 

30 ihe oxygen scavenging layer by limiting the rate of oxygen entry to the oxygen scavenging 
moieties in layer (ii), and thus slows the consumption of oxygen scavenging cjqpacity by 
ingress oxygen. Control of the oxygen permeability of layer (iii) allows setting the rate of 
oxygen passage fiom the packaged product to the oxygen scavenging moieties in layer (ii). 
Furfhamore, layer (iii) can provide a barrier to migration of the components of the oxygen 
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scaveaging layer or by-products of scavenging, into the package interior. However, if flie 
oxygen scavenging polymer comprises a cycUc olefinic group, few, if any, scavenging 
byproducts capable of migrating into the package interior would be expected to be produced. 
Also, the polymeric metal salt would also be expected to have negligible migration of the salt 
or any breakdown products into tiie package interior. Therefore, a migration barrier Amotion 
for layer (ii) may be dispensed with in some embodiments. Even further, layer (iii) can 

improve tbeheat-sealability, clarity, or resistance to blocking of Uie multilayer packaging 
article. 

Further additional layas. such as adhesive layers, may also be used. Compositions 
typically used for adhesive layers include anhydride fimctional polyolefins and other well- 
known adhesive layers. 



a 

IS 

xis an 



In another embodiment, the present invention relates to a method of synthesizing 
polymeric metal salt, comprising: (i) providing metal hydroxide (M(OH)x), wherein M i 
selected from manganese, iron, cobalt, nickel, copper, rhodium, or ruthenium, and 
integer from 2 to 4; and at least one organic diacid having structure IV: 

o o 
II II 

(iv)HO-C-R-C-OH 

whereinR is selected from Cr-Cu alkyl, Cs-Cja cycloalkyl, C2-C40 branched aJkyl, C2- 
C40 branched alkyl acid or diacid, C2-C12 alkenyl, C5-C12 cycloalkenyl, C2-C40 branched 
alkenyl, or C2-C40 branched alkenyl acid or diacid; and Cii) reacting the metal hydrx)xide and 
the organic diacid at a temperature below about 240°C, to form the polymeric metal salt 

- The reaction proceeds analogously to transesterification, with an -MOHgroupjofthe._ 
metal hydroxide and an HOOCR.- groiq) of the organic diacid combining to form an 
-MOOCR- groiqj of the polymeric metal salt, with water generated as a byproduct. 

Regarding the metal hydroxide, M is preferably selected from manganese, copper, or 
cobalt; more preferably, M is cobalt, and x is 2. Regarding the organic diacid, R is preferably 
selected from adipic acid, sebacic acid, and dimer fatty acid. It should be noted that "diacid," 
in this context, may refer to a molecule with more than two carboxyUc acid moieties, i.e. R can 
comprise at least one carboxyUc acid moiety. 



12 



BNSDOCID: <WO ^0226844A1_I_> 



wo 02/28944 PCT/USOl/28412 
The mefihiod can further comprise providing at least one organic monoacid having the 
structure V: 



O 

(v)RV-C-OH 

5 

wherein is selected from hydrogen, C1-C20 aJkyl, C5-C20 cycloalkyl, C2-C20 alkenyl, 
or C5-C20 cycloalkenyl; and reacting the organic monoadd with the metal hydroxide and the 
organic diacid to form a capping group. The reaction willlead to formation of an R^COOM- 
groiip, wherein R* cannot further react with other -MOH to extend the polymeric metal salt. 

10 The teiDperature of the reaction is desirably kept below about 240°C to minimize side 

reactions, such as oxidation. It should be borne in mind that lower temperatures lead to greater 
viscosity of the reaction mixture and a slower reaction. However, it has been observed that a 
batch process vs^erein the temperature is from about 135°C to about 220°C and the reaction 
duration is about 5 hr to about 6 hr is effective in synthesizmg the polymeric metal salt. 

15 The method caQ be performed either ia bulk, as a raelt, or in solution. If performed in 

solution, an appropriate organic solvent such as toluene can be used. The polymeric metal salt 
product can be stored in the solvent, e.g. as a solution in 50 wt% toluene, or it can be stored 
neat. If the polymeric metal salt is tacky, but storage as a solution in toluene is not desired, the 
polymeric metal salt can be processed according to the teachings of copendiag U.S. patent 

20 application 09/510,013, which is incorporated herein by reference. 

Specifically, in one embodiment, the polymeric metal salt can be in the fonn of a 
masterbatch composition comprisiag porous beads comprisiag a first polymer; the polymeric 
metal salt dispersed in the porous beads; and a second polymer or a photoinitiator, iu powder 
form, dispersed on the exteriors of the porous beads. Such a masterbatch composition can be 

25 prepared by a method comprising (i) providhig a solution of polymeric metal salt in an organic " 
solvent; (ii) dispersing the solution into the beads, to form solvated beads; (iii) evaporating flie 
solvent from the solvated beads, to form polymeric metal salt dispersed in the beads; and (iv) 
mixing the second polymer or the photoimtiator, in powder form, with the beads, to form the 
composition. 

30 In another embodiment, the mastorbatch composition comprises the polymeric metal 

salt and a polymer, whereiu the polymeric metal salt is in the form of pellets, and the polymer 
is ia the form of a powder dispersed on the exteriors of the pellets. Such a masterbatch 
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composition can be prepared by a method comprising (i) pmviding the polymeric metal salt in 
the foim of pellets, and (ii) dispersing the polymer in the fonn of a powder on the exteriors of 
the pellets. 

In yet another embodiment, the mast^atch composition comprises the polymeric 
metal salt and a polymer, wherein the polymeric metal salt and the polymer are componnded. 
Such a masterbatch can be prepared by a method comprismg (i) providing the polymeric metal 
salt in tlie fonn of pellets and providing the polymer as a solid and (ii) compounding the 
polymeric metal salt and the polymer. 

In still another embodiment, the masterbatch composition is prepared fiom a 
composition comprising the polymeric metal salt and a polymer, wherein the polymer is in the 
fonn of a container, such as a bag, and the polymeric metal salt is contained wifein the 
container. The composition is processed t6 form a masterbatch, or directly into an oxygen 
scavengmg component of an oxygen scavenging packagmg article, by the method of (i) 
providing the composition comprising the polymeric metal salt and a polymer, wherem at least 
some of tlie polymer is in the form of a container and the polymeric metal salt is contained 
within the container, (ii) melting the composition to produce amelted composition, and (iii) 
mixing the melted composition to produce a masteibateh. The metiiod can fiiither comprise 
grinding the composition, before or during the heating step. 

The followmg examples are included to demonstrate preferred embodiments of the 
invention. It should be ^predated by those of skiU in the art that the techniques disclosed in 
the examples which follow represent techniques discovered by tiie inventors to function well 
in tiie practice of the invention, and tiius can be considered to constitute preferred modes for 
its practice. However, those of skill in the art should, in light of the present disclosure, 
appreciate that many changes can be made in the specific embodiments which are disclosed 
andjtill obtam^e or sim^ de partmg from the spiiitand scope of the 
invention. 



Example 1 

A 3-L 3-neck flask equipped with mechanical stirrer, nitrogen sparge, condenser, and 
thermocouple was charged with 570 g (about 1 mole) dimer fatty add (amixti^re comprising 
primarily oleic acid and linoleic acid, wilh a trace of linolinic acid, heated and treated witii 
H2SO4 to generate C36 diadds as well as traces of tiie monoadd starting materials and other 
reaction products), 282 g (about 1 mole) oleic acid, and 800 mL toluene containing 5 g of 
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octadecyl-3,5-bis(l,l-dime%let3iyl)-4-h^ propanoate as an antioxidant 

(available as Irganox 1075, Ciba). The temperature was raised to about SS^'C, and about 140 g 
(about 1 .5 mole) cobalt hydroxide was added slowly (approximately 1 hr). After the exothemi 
generated by addition of the cobalt hydroxide retreated from its peak, flie temperature of the 
5 reaction mixture was increased to about 145°C and held at that temperature for about 5 hr to 
about 6 hr, until about 54 g (about 3 mole) water was collected, i.e. the reaction substantially 
went to completion. The vessel was then cooled to room temperature, and toluene was added 
up to 50 wt% of the vessel contents, 

10 All of the compositions and methods disclosed and claimed herein can be made and 

executed without undue escperimentation in light of the present disclosure. While the 
compositions and metiiods of this invention have been described in terms of preferred 
embodiments, it will be apparent to those of skill in the art that variations may be apphed to 
the compositions and methods and in the steps or in the sequence of steps of the method 

15 . described herein without departing from the concept, spirit and scope of the invention. More 
specifically, it will be apparent that certain agents which are both chemically and 
physiologically related may be substituted for the agents described herein while the same or 
similar results would be achieved. All such similar substitutes and modifications apparent to 
those skilled in the art are deemed to be within tiie spirit, scope and concept of the invention as 

20 defined by the appended claims. 
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1 . A polymeric metal salt, comprising stmcture I: 



O O 
II II 

M-O-C-R-C-b 



0) L 



wherein R is selected from Q-Cao alkyl Cs-Qo cycloalkyl, C2-C40 broBched alkyl, C2- 
C40 branched alkyi acid or diacid, C2-Q2 alkenyl, C5-C12 cycloalkenyl, C2-C40 branched 
alkenyl, or C2-C40 branched alkenyl acid or diacid; and M is selected from manganese, iron, 
cobalt, nickel, copper, rhodium, or ruthenium. 

2. The metal salt of claim 1, wherein M is selected from manganese, copper, or cobalt. 

3 . The metal salt of claim 2, wherein M is cobalt. 

4. The metal salt of claim 1, wherein R is selected from Q-Cg alfcyi or C34 branched 
alkyl. 

5- The metal salt of claim 1, further comprismg a capping group having the structure H: 

o 
1 " 

wherein R' is selected from hydrogen, CrC2o alkyl, C5-C20 cycloalkyl, cf^jo'S^sT 
or C5-C20 cycloalkenyl. 

6. The metal salt of claim 5, wherein is selected from C4:Cn alkyl or C4-C17 alkenyl. 

7. An oxygen scavenging composition, comprising: 
an oxygen scavenging polymer, and 

a polymaic metal salt, cornprising structure I: 
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O O 
li II 
+M-0-C~R-C-0+ 



\^*ereiii R is selected from C1-C20 alkyl, C5-C20 cycloalkyl, C2-C40 branched alkyl, C2- 
C40 branched alkyl acid or diacid, C2-C12 alkenyl, C5-C12 cycloalkenyl, C2-C40 branched 
alkaiyl, or C2-C40 branched alkenyl acid or diacid; and M is selected from manganese, iron, 
cobalt, nickel, copper, rhodium, or rutheoimn. 



10 



8. The composition of claim 7, wherein the oxygen scavenging polymer comprises an 
ethylenic backbone and at least one cychc olefinic pendant groiq) comprising the structure 

cm): 




m 

15 wherein X is -(CH2)n-, wherein n is an integar from 0 to 4, inclusive; Y is -(CRR')a-, 

wherein a is 0, 1, or 2; and Z is -(CRR'V, wherein b is 0, 1, or 2, provided that a + b 3; and 
qi,-q2, .qs, q4, r, Jl, ^d R^areJndependently. selectedfrom hydrogen; linear^ branched, cyclic, 
or polycyclic C1-C20 aJkyl; aromatic groups; halogens; amines; or sulfur-containing 
substituents, provided that at least one of qx, q2, q^, or q4 is hydrogeiL 

20 

9. The composition of claim 8, wherein the oxygen scavenging polymer is 
poly(ethyleae/vinyi cyclohexene) (EVCH). 
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10. The composition of claim 8, wherein the oxygen scavenging polymer flmher comprises 
linking groups linking the backbone with the pendant groups, wherein the linking groups are 
selected from: 



5 -o-(CHRV;-(CK))-o-(cmv;-NH-(am)ns-o<c<)KCER> 

-(C=0)-NH-(CHR)„-; or -(C=0)-0-CH0H-CH2-0-; 



10 



15 



25 



'n 5 



wherein R is hydrogen, methyl, efliyl, propyl, or butyl; and n is an integer from 1 to 12, 
inclusive. 



11. The composition of claim 1 0, wherein the oxygen scavenging polymer is selected from 
ethylene/methyl acrylate/cyclohexenyl methyl acrylate terpolymer (EMCaVT), 
poly(cyclohexene mefliyl methacrylate) (CHMA), or poly(cyclohexene methyl acrylate) 
(CHAA). 

12. The composition of claim 7, wharein M is selected from manganese, copper, or cobalt 

13. The coniposition of claim 12, wherein M is cobalt. 

20 14. The composition of claim 7, wherein R is selected from Ce-Cgalkyl or C34 branched 
alkyl. 

1 5 . The composition of claim 7, wherein the polymeric metal salt further conq)rises a 
capping group having the structure II: 



30 



o 

(idR^-C-O- 

wherein R^ is selected from hydrogen, d-Cn alkyl, Cs-Cn cycloalkyl, C2-C17 alkenyi, 
or C5-C17 cycloalkenyl. 

1 6. The composition of claim 15, wherein R^ is selected from C4-C17 alkyl or C4-C17 
alkenyL 



18 



BNSDOCID: <WO 0228944A1 I > 



wo 02/28944 PCT/USOl/28412 
17. The composition of claim 7, firrther comprising a photoinitiator. 



18. The composition of claim 1 1, wherein the photoinitiator is selected Jfrom benzophenone 
derivatives containing at least two benzophenone moieties and having the formula: 

5 

Aa(B)b 

wherein 

A is a bridging groi?) selected from sulfur; oxygen; carbonyl; -SiR'2-, wherein each R'' 
10 is individually selected from alkyi groups containing from 1 to 12 carbon atoms, aryl groups 
containing 6 to 12 carbon atoms, or alkoxy groups containing from 1 to 12 carbon atoms; 
-NR^"-, wherein R"' is an alkyl group containing 1 to 12 carbon atoms, an aryl group 
containing 6 to 12 carbon atoms, or hydrogen; or an organic group containing from 1 to 50 
carbon atoms; 
15 a is an integer from 0 to 11; 

B is a substituted or unsubstituted benzophenone group; and 
b is an integer from 2 to 12. 

19. The composition of claim 18, wherein the photoinitiator is selected from dibenzoyl 
20 biphenyl, substituted dibaizoyl biphenyl, benzoylated terphenyl, substituted benzoylated 

terphenyl, tribenzoyl tdphenylbenzene, substituted tiibenzoyl triphenylbenzene, benzoylated 
styrene oligomer, or substituted benzoylated styrene oligomer. 

1 

20. The composition of claim 7, frirfher comprising an antioxidant. 

25 

21 . The composition of claim 20, wherein the antioxidant is selected from 2,6-di(t-butyl)- 
4-methylphenol(BHT), 2,2'-methylene-bis(6-t-butyl-p-cresol), triphenylphosphite, tris- 
(nonylphenyl)phosphite, vitamin E, tetra-bismethylene 3^3,5-ditertbutyl-4-hydroxyphenyl)- 
propionate methane, or dilaurylthiodipropionate. 

30 

22. The composition of claim 7, fturther comprising a stractural polymer. 

23. The composition of claim 22, wherein the stmctural polymer is selected from 
polyethylene, low density polyethylene, very low density polyethylene, ultra-low density 

19 
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polyethylene, high density polyethylene, polyethylene terephthalate (PET), polyvinyl chloride, 
ethylene-vinyl acetate, efhylene-alkyl (meth)acrylates, ethylene-(meth)acryhc acid, or 
efhylene-(meth)acryUc acid ionomer. 



24. The composition of claim 23, wherein the structural layer comprises PET. 



10 



25. A packaging article, comprising: 

an oxygen scavenging layer comprising an oxygen scavenging polymer and ; 
polymeric metal salt, comi«tising structure I: 



(I) L 



o 

II 

M-O-C 



O 
li 

c-o 



15 



wherein R is selected from C1-C20 alkyl, C5-C20 cycloalkyl, C2-C40 branched alkyl, C2- 
C40 branched alkyl acid or diacid, C2-C12 alkenyl, C5-C12 cycloalkenyl, C2-C40 branched 
alkenyl, or C2-C40 branched alkenyl acid or diacid; and M is selected from manganese, iron, 
cobalt, nickel, copper, rhodium, or rathenium. 



20 



26. The packaging article of claim 25, wherein the packaging article consists essentiaUy of 
a single layer. 

27. The packaging article of claim 25, wherein the oxygen scavenging polymer comprises 
an ettiylenic backbone and at least one cycHc olefinic pendant group comprising the structure 

m: 



25 
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wherein X is -(CH2)n-, wherein n is aa integer from 0 to 4, inclusive; Y is -(CRR')a-, 
wherein a is 0, 1, or 2; and Z is -(CRRV. wherein b is 0, 1, or 2, provided that a + b 3; and 
<lu q2, q3, q4, r, R, and R' are independently selected from hydrogen; Unear, branched, cycHc, 
or polycyclic C1-C20 alkyl; aromatic groups; halogens; amines; or sulfiir-contaiaiag 
5 substituents, provided that at least one of qi, q2, qs, or q4 is hydrogen. 

28 . The packagiag article of claim 27, whereia the oxygen scaveagiag polymer is 
poly(ethylene/vinyl cyclohexene) (EVCH), efhylene/mefhyl aciylate/cyclohexenyl methyl 
acrylate tetpolymer (EMCM), poly(cyclohexene methyl melhacrylate) (CHMA), or 

10 polyCcyclohexeae methyl acrylate) (CHAA). 

29. The packagiag article of claim 25, wherein M is selected from manganese, copper, or 
cobalt 

15 30. The packaging article of claim 29, wherein M is cobalt. 

3 1 . The packagiag article of claim 25, wherein R is selected from Ce-Cg alkyl or C34 
branched alkyl, 

20 32. The packagiag article of claim 25, wherein the polymeric metal salt ftcrfher comprises a 
capping group having the structure II: 

o 
1 " 

25 wherein is selected fiom hydrogen, C1-C20 alkyi; C5-C20 cycloalkyl, C2-C20 alkenyl7 

or C5-C20 cycloalkenyl. 

33 . The packaging article of claim 32, wherein is selected from C4-C17 alkyl or C4-C17 
alkaiyL 



30 



34. The packaging article of claim 25, fUrfher conq)rising a photoinitiator in the oxygen 
scavesnging layer. 
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35. The packaging article of claim 34, wherein flie photoinitiator is selected from 
benzophenone derivatives containing at least two beozophenone moieties and having the 
foimula: 



5 Aa(B)b. 

wherein 

A is a bridging groiq) selected from sulfur; oxygen; caibonyl; -SiR"2-, wherein each 
R" is individually selected from alkyl groups containing from 1 to 12 carbon atoms, aryl 
10 groups containing 6 to 12 carbon atoms, or alkoxy groiq)s containing from 1 to 12 carbon 

atoms; -NR'"-, whereinR'" is an alkyl group containing 1 to 12 carbon atoms, an aryl group 
containing 6 to 12 carbon atoms, or hydrogen; or an organic group containing from 1 to 50 
carbon atoms; 

a is an integer from 0 to 11; 
15 B is a substituted or unsubstituted beozophenone group; and 

b is an integer from 2 to 12. 

36. The packaging article of claim 35, wherein the photoinitiator is selected from 
dibenzoyl biphenyl, substituted dibenzoyl biphenji, benzoylated terphehyl, substituted 

20 benzoylated tetphenyl, tribenzoyl triphenyibenzene, substituted tribenzoyl triphenylbenzene, 
benzoylated styrene oUgomer, or substituted benzoylated styrene oligomer. 

37. The packaging article of claim 25, ftmher comprising an antioxidant in the oxygen 
scavenging layer. 



25 



30 



^ The packaging article of cl^i 37, wherein the antioxidant is selected from 2,6-di(t- 
butyl)-4-methylphenol(BHT), 2,2'-methylene-bis(6-t-butyl-p-cresol), Mphenylpho^Mte. taV 
(nonyiphenyl)phosphite, vitamin E, tefra-bismethylene 3-(3,5-ditesrfcutyl-4-hydroxypheQyl)- 
propionate methane, or dilauiylthiodipropionate. 

39. The packaging article of claim 25, ftnrther comprising a siructural polymer in the 
oxygen scavenging layer. 
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40. The packaging artiele of clfflbca 39, wherein the structural polymer is selected from 
polyethylene, low density polyethylene, very low density polyethylene, ultra-low density 
polyethylene, high density polyethylene, polyethylene terephthalate (PET), polyviayl chloride, 
ethylene-vinyl acetate, ethylene-alkyl (meth)acrylates, ethylene-(meth)acrylic acid, or 

5 ethylene-(meth)acTylic acid ionomers. 

41. The packaging article of claim 40, wherein the structural polymea: is PET. 

42. The packaging article of claim 25, further comprising an oxygen barrier layer. 

10 

43. The packaging article of claim 42, wherein the oxygen barrier layer comprises 
poly(efhylene vinyl alcohol) (EVOH), ethylene/vinyl acetate copolymer, ethylene/styrene 
copolymer, polyaciylomtrile, polyvinyl chloride (PVC), poly(viaylidene dichloride), 
polyethylene terephthalate (PET), polyethylene napthalate, or polyamide. 

15 

44. The packaging article of claim 25, further comprising a structural layer. 

45 . The packaging article of claim 44, wherein the structural layer comprises polyethylene, 
low density polyethylene, very low density polyethylene, ultra-low density polyethylene, high 

20 density polyethylene, polyeth)4ene t^ephthalate (PET), polyvuiyl chloride, ethylene-vinyl 
acetate, ethylene-alkyl (meth)aciylates, ethylene-(meth)acryhc acid, ethylene-(meth)acryhc 
acid ionomers, or paperboard. 

46. The packaging article of claim 45, wherein the structural layer comprises PET or 
25 paperboard, 

47. The packaging article of claim 25, wherein the packaging article is in the form of a 
single layer fihn, a multilayer film, a single layer rigid article, or a multilayer rigid article. 

30 48. The packaging article of claim 25, wherein the oxygen scavenging layer is a liner, 

coating, sealant, gasket, adhesive, non-adhesive insert, or fibrous mat insert in the packaging 
article. 

49. A method of forming a polymeric metal salt, comprising: 
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pmviding a metal hydroxide G^(OH)^, whereiQ M is selected W ma^^^ 
cobalt, nickel, copper, ihodium, or rutiienixm], and x is an integer fiom 2 to 4, inclusive; and at 
least one organic diacid having structure IV: 

o o 
il II 

(iv)HO-C-R-C-OH 

wherein R is selected from C^-Cu alkyl, C5-C12 cycloaUcyl, C2-C40 branched alkyl, C^- 
C40 blanched alkyl acid or diacid, Q-C12 alkenyl, C5-C12 cycloalkenyl, C2-C40 branched 
alkenyl, or C2-C40 branched aDcenyl acid or diacid; and, 

reacting the metal hydroxide and the organic diacid at a tenaperature below about 
240°C, to form the polymeric metal salt 



50. Hie method of claim 49, wherein M is selected from manganese, copper, or cobalt 
15 51. The method of claim 50, wherein M is cobalt 

52. The method of claim 49, wherem R is selected from Q-Cg alkyl or C34 branched alkyl. 

53. The method of claim 49, further comprising providing at least one organic monoacid 
20 having the stracture V: 

o 

wherein is selected fiom hydrogen, C1-C20 alkyl, C5-C20 cycloalkyl, C2-C20 alkenyl, 
25 or C5-C20 cycloalkenyl; and reacting the organic monoacid with the metal hydroxide and the ' 
organic diacid. 

54. The method of claim 53, wherein R} is selected fiom C4-C17 alkyl or C4-C17 alkenyL 
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55. The method of claim 49, wherein the temperature is about 135°C to about 220^C and 
the reaction duration is about 5 hr to about 6 hr. 

56, The method of claim 49, further comprising providing toluene as a solvent. 
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